Abstract. The muon transfer rates from hydrogen isotopes (p, d) 
Introduction
The transfer process of negative muons (µ) from hydrogen isotopes (H = p, or d) to helium nucleus is important in the muon catalyzed fusion [1, 2] . Helium nuclei are produced by the fusion process and the helium atoms act as a muon scavenger by direct muon capture in the fusion or by the muon transfer to helium. The muon transfer from the muonic hydrogen to heavier elements is also important. When a small amount of the heavier element is added to pure hydrogen target, it may strongly influence the process of the muon catalyzed fusion [3] [4] [5] .
There are two models for the muon transfer mechanism to elements of Z > 2 [2, 6, 7, 9] , involving the direct transfer
and the molecular transfer
where a metastable HµZ molecule is formed as an intermediate state and its decay leads to the muon transfer. The process (2) is much faster than that of (1) Muon atomic units (m.a.u), where muon mass is set to unity in addition to = e = 1, are used throughout this paper unless otherwise stated.
The HSCC method
The HSCC method is a powerful tool to study bound states and scattering states for three-body systems [11] . The present HSCC method is described in some details in [12, 13] . The internal motion of three particles is described by hyperradius ρ and five angular variable Ω in the hyperspherical coordinates. The total Hamiltonian of the system is written in terms of ρ and Ω as
with
where Λ(Ω) is the five-dimensional grand angular momentum operator, V is the sum of Coulomb interactions among three particles, and M is an arbitrary parameter with dimension of mass, which is taken to be reduced mass of heavy nuclei here. The adiabatic channel functions {ϕ(ρ, Ω)} and the adiabatic potential U i (ρ) are defined by the eigen-value equation
where ρ is an adiabatic parameter.
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In the HSCC method, the scattering wave function is expanded by the product of radial function F i (ρ) and ϕ i as
for each partial wave J and parity Π. Inserting this expansion in the Shrödinger equation (H − E)Ψ JΠ = 0, we have the coupled differential equations for
where E is the total energy in the center of mass system and W ij (ρ) represents a non-adiabatic coupling. To obtain the scattering matrix, the wave function in equation (6) is matched with the scattering boundary conditions in the Jacobi coordinates at sufficiently large ρ. Since the system has an arrangement of a charged particle and hydrogenic atom (ion) in the asymptotic region, the dipole representation [14] is appropriate as channels in the Jacobi coordinates.
Results
The HSCC calculations are carried out for partial waves J = 0-4. Two kinds of basis sets are adopted both in for the Li 3+ + Hµ collision. The muon transfer rate is defined by λ = N 0 vσ, where N 0 (= 4.25 × 10 2 /cm 3 ) is the liquid-hydrogen density, v is the collision velocity, and σ is the muon-transfer cross section.
3.1
3,4 He 2+ + ( 1,2 Hµ) 1s collisions
The S-wave adiabatic potential curves for the 3 He 2+ + pµ system are shown in Figure 1 . Each potential curve converges to the atomic energy of (pµ) or (Heµ) + as ρ → ∞, and the corresponding adiabatic channel function describes the fragmentation into He 2+ + (pµ) or p + (Heµ) + . The potential curve corresponding to the initial channel, He 2+ + (pµ) n=1 , is close to those leading to p + (Heµ) + n=2 . The coupling of (Heµ) + n=2 channels with (pµ) n=1 channel is considerable for ρ < 15. However, the transfer to (Heµ) + n=2 channels is less probable at low energies owing to the Coulomb repulsion between H + and He + . Thus, the calculated with basis set A (circles). The transfer rate to n = 2 states is negligibly small in the 3,4 He 2+ + (dµ)1s collisions in the figure. muon transfer to the low-lying (Heµ) + n=1 state is dominant at low energies.
The sum of muon-transfer rates up to J = 4 and their partial-wave contributions are depicted in Figure 2 for the center-of-mass collision energy 0.001 ≤ E c ≤ 100 in eV. The calculations using basis sets A and B give similar results, and the convergence is good with respect to the
